Introduction
The acoustic neuroma, or more correctly vestibular schwannoma, bears a remarkably sinister reputation for a benign tumour. Despite this there is often a considerable period of time between the initial symptoms of deafness, tinnitus and mild disequilibrium, which often go unnoticed by the patient, and the more obvious sequential neurological symptoms and signs which herald pressure on the trigeminal nerve, brainstem and cerebellum. This has resulted in the view that the rate of growth of these tumours may vary considerably. Some may grow slowly, accounting for the large discrepancy between the high prevalence of microscopic tumours reported at post mortem (2.4%1 and 2.7%2) and the relative rarity of tumours seen clinically (0.001%3). The recent clinical study by Tos and Thomsen'' revealed an annual incidence of 10 per million population and in the past three years, on average, 20 tumours per year have presented to the Department of Otoneurosurgery at Addenbrooke's Hospital from a population of two million in East Anglia. These results are thus in close agreement. The difference between the autopsy studies and the clinical ones may be accounted for by the fact that firstly, the postmortem studies were highly selective and not consecutive, secondly, the patients were elderly, and thirdly, many were microscopicintracochlear and labyrinthine neuromas which may never manifest themselves clinically.
There is no doubt that the rate of growth of these tumours is variable one to another and indeed variable within the lifespan of a particular tumour with periods of relatively slow growth being followed by a rapid increase in size, perhaps associated with haemorrhage or cyst formation. Our experience would lead us to the view that these tumours grow at the rate of 5 mm a year and will take about two years to fill the internal auditory canal and another three years to impinge on the brainstem. It is known that tumours associated with von Recklinghausen's disease may be bilateral and are slow growing ( Figure  1 ). They may be associated with multiple meningiomata and histologically lie somewhere between a neurilemmoma and a meningioma. future as the population becomes more aware of tinnitus, particularly if it is unilateral. Aching in the ipsilateral mastoid region was present in 35 (53%) of the patients and may represent the pressure of the growing tumour on the bone of the expanding internal auditory meatus or stretching of the dura in the region of the porus acousticus. Patients very rarely spontaneously volunteered this symptom. Presumably because of its relative lack of debility compared with their other symptoms.
Examination revealed spontaneous nystagmus in 24 (36%) patients of which 60% was of the Brun's type of bidirectional nystagmus with a first degree vestibular nystagmus to the contralateral side enhanced by Frenzel's glasses and a coarse gaze paretic nystagmus to the ipsilateral side". This reflected a severe degree of bilateral brain stem compression more marked on the affected side. Depression of the corneal reflex was seen in 39 (59%) patients. Papilloedema and obstructive hydrocephalus was present in eight (12%) patients and they required preoperative shunting. Ataxia and dysdiadochokinesis was present in 19 (29%) patients.
Facial palsy was noted in two (3%) patients but delay of the blink reflex was seen more often and is an early indicator of facial nerve impairment.
Audio-vestibular investigations
The results have been analysed and are detailed elsewhere'',
Surgical results
All of the tumours were totally excised and there were no subcapsular or partial removals. The majority (62) were excised via the translabyrinthine approach and 39 were large tumours and 23 medium sized. Advances in audiological, radiological and microsurgical techniques have facilitated early diagnosis and excision of very small lesions with a low morbidity and mortality but is early excision necessary and can it be justified both clinically and in financial terms? Should we be diligently searching for and excising small intracanalicular tumours (Figure 2 ) or should we be waiting for the tumours to grow and the patients to succumb to intercurrent illness or to remove them eventually when they become large. In an attempt to answer this question an analysis has been carried out of 66 cases of acoustic neuroma treated surgically.
Methods
All patients underwent a complete otoneurological examination. Audiometric investigations and a bithermal caloric test were performed, as well as evoked response audiometry. Plain X-rays of the internal auditory canals were obtained of all patients. Where the computed axial tomography (CT) was negative the patients underwent air meatography ( Figure 2 ). Recently some patients have undergone magnetic resonance imaging (MRl) with gadolinium DTPA enhancement ( Figure 3 ).
Results
In this series of 66 cases there were 64 acoustic neuromas and two facial neuromas. There were 39 female patients and 27 male patients. The age range was 19-72 years with an average age of 51 years. The size of the tumours can be seen in Figure 4 . Most of the tumours were medium or large but more recently, as the otoneurosurgical service has become established, small tumours have been seen.
Clinical evaluation
Deafness is the most common presenting symptom ( Figure 5 ) and tinnitus although usually present, is rarely the symptom which takes the patient to the doctor. A change in this pattern may be seen in the Four tumours, two medium sized and two small were excised suboccipitally in an attempt to conserve hearing if the preoperative audiology demonstrated useful hearing and reasonable speech discrimination. Preservation of hearing was possible in two patients.
The criteria for assessment of the surgical results were: good, completely independent and working; fair, independent but not working; poor, completely dependent.
. In this series 60 (91%)had a good result, 4 (6%)had a fair result and none had a poor result. Two patients died giving a perioperative mortality of 3%. The causes of death were postoperative cerebello-pontine angle haematoma and brainstem ischaemia and both patients had enormous tumours.
An analysis of the morbidity in this series revealed that 11 patients had CSF leakage. Seven patients required preoperative shunting and two postoperative shunting. Three patients developed meningitis and one had an aerocele, one a deep vein thrombosis, one tympanic membrane perforation and one developed a transient bulbar palsy.
Four of the patients with cerebrospinal fluid leakage were sealed by a period of external drainage and seven required re-exploration, The technique for sealing the cerebello-pontine angle in the translabyrinthine approach was modified after 42 cases and as a result there have not been any CSF leaks in the last 24 cases.
The large number of patients requiring preoperative shunts reflect the size of the tumours in this series. There were no cases of postoperative epilepsy and only one patient required tracheostomy. In two patients (3%)with very large tumours there was paresis of the IX, X and XI cranial nerves and the patients experienced some transient difficulties with swallowing, glottic incompetence and aspiration pneumonia.
The facial nerve was preserved in 100% of small tumours, 83% of medium sized tumours and 51% of large tumours.
Discussion
The last three decades have seen exciting advances in the surgical treatment of acoustic neuroma largely as a result of the universal adoption of the operating microscope and microsurgical techniques by both otologists and neurosurgeons. Mortality has dropped from 25% to 3% or less and functional preservation of the facial nerve has proved possible in the majority of cases. In a minority of selected cases with small tumours the conservation of useful hearing is feasible.
In this series 62 tumours (39 large and 23 medium sized) were excised using the translabyrinthine approach's? and four by the suboccipital route 8 • 9 • All tumours were totally removed and there were no partial or subcapsular excisions. It is recognized that there may be a place for subcapsular removal in the very elderly with large tumours or in those patients whose tumours are firmly adherent to the brainstem where attempted complete surgical resection would significantly compromise the brainstem vasculature or in acoustic neuromas involving the only hearing ear. The reason for the large number oftranslabyrinthine removals in our series is the predominance of large and medium sized tumours which we prefer to resect by this approach. Retrosigmoid excisions have been reserved for small tumours where socially useful hearing with good speech discrimination existed preoperatively and an attempt has been made to Journal of the Royal Society of Medicine Volume 82 June 1989 331 preserve this. In two of the four tumours excised via the suboccipital approach the preoperative hearing has been preserved.
It can be clearly seen from the analysis of the surgical results that there is ample justification for the early excision of acoustic neuromas in human terms, namely, a reduced morbidity and mortality and a greater chance of preserving the facial nerve. The justification in financial terms depends entirely on the increased morbidity of excising tumours when they have reached a considerable size and the consequent loss to society of supporting a family financially and of providing nursing care ifthe patient is totally dependent.
The approximate costing of a complete audiovestibular evaluation has been carried out on the basis of the audiometrician's time, salary and the depreciation of the capital cost of the audiological equipment as well as secretarial and administrative costs. On average a pure tone audiogram takes 10 min and costs £2.50, Fowler's alternate loudness balance test 15 min (£3.50), tone decay 15 min (£3.50), speech audiometry 40 min (£10.00), tympanometry 10 min (£2.50), acoustic reflex 10 min (£2.50), and the caloric test takes 40 min (£10.00). The average time of the complete investigation is 2 hours and 30 min at a cost of £37.00.
The consultant otologist will spend 45 min with the patient at £16.00 per hour which costs £12.00 and the nurse/receptionist/secretarial time costs £5.00. The NHS outpatients cost has been estimated at £10.00, evoked response audiometry at £20.00, radiology of the internal auditory canals £24.00, the full audiovestibular evaluation costs £37.00 and a CT scan £115. The complete cost of making the diagnosis is £233, but if air meatography with CT is necessary to make the diagnosis then the amount rises to £414.
The average cost of surgical excision is clearly related to the average inpatient stay and in the case of small and medium tumours is 14 days. The total figure for diagnosis and excision is £2893. In the case of large tumours with an average stay of 20 days this rises to £4039.
By analysing the morbidity and mortality figures a critical difference emerges between the small and large benign tumours. There were 100% good results in the small/medium group. In the large group, however, the mortality was two, and four had only a fair result. The four patients with a fair result will have an enormous and often unrecognized financial implication.
The average age in our series was 51 years. Assuming a life expectancy of 70 years the following figures for a 'breadwinner' can be estimated. Considering the case of a fair result from surgery where the patient was independent but unable to work, it would cost the State' £6000 per year for 19 years, ie £114000 to maintain the household assuming that £115 per week was paid in unemployment benefit and social security. For the same period of time a patient suffering a poor result from acoustic neuroma surgery, being totally dependent and requiring nursing care would cost £600 000, assuming an average nursing cost of £70 per day in addition to the social security benefits (£25500 per year).
By comparing the two sets of figures it can be seen that for the equivalent sum of money to maintain the patient and his family in the community following a fair surgical result, 511 cases of unilateral sensorineural deafness could be fully investigated or 39 acoustic neuromas excised. The equivalent figures for one poor result are 2690 and 207 respectively.
If the incidence of acoustic neuroma. is 1 per 100 000 of the population per year and East Anglia has a population of 2 000 000, then 20 acoustic neuromas will be seen per year. One fair result from surgery will cost the community the same amount of money as the surgical excision of all the acoustic neuromas in East Anglia for two years and one poor result is financially equivalent to ten years of acoustic neuroma surgery. This study, based on a detailed analysis of the investigation and surgical treatment of 66 cases of acoustic neuroma has provided ample justification for their early excision in both human and financial terms.
